Introduction
Lipases are glycerol ester hydrolases EC: 3.1.1.3 which hydrolyze ester linkages of glycerides at water-oil interface 1 . They have emerged as one of the leading biocatalysts with impeccable records of proven potential for contributing to the multibillion dollar under exploited lipid technology, bio-industry and have been used in ex situ lipid metabolism and ex situ multifaceted industrial applications 2, 3 . Lipases occur widely in nature, but microbial lipases are commercially significant because of low production cost, greater stability and wider availability than plant and animal lipases. The enormous biotechnological potential of microbial lipases are related to their exquisite chemoselectivity, regioselectivity and stereoselectivity 4 . The high cost of lipase, however, makes enzymatically driven processes economically unattractive. Many of the applications in which lipase is utilized are performed with immobilized lipases and hence immobilized enzymes are used in many commercialized products for higher yields. The im-mobilization technique is more lucrative and advantageous from industrial point of view as it offers certain processsing advantages over free enzyme and also improves the stability of the biocatalyst and provides for its repeated use and the easy separation of the catalyst from the reaction medium. To utilize lipase for a synthetic job, it must be immobilized on solid support, as soluble lipases lose their activity in non-aqueous reaction media 5, 6 . Inorganic materials have been successfully used for the immobilization of enzymes 7, 8 . Utilization of solid supports has been the most exploited approach for the immobilization 9 . Such an immobilization of enzymes is often achieved by the fixation of the enzyme to or within the solid support leading to heterogeneous enzymatic catalytic systems. Glutaraldehyde has been used as a cross-linker for immobilization of enzymes in which the amino groups of a protein are expected to form a Schiff base with gluteraldehyde 10, 11 . The particulate nature of celite allows the solvent and reactants as well as the product to diffuse freely; this enables the Abstract: In the present study, a purified lipase from Bacillus aerius immobilized on celite matrix was used for synthesis of ethyl ferulate. The celite-bound lipase exposed to glutaraldehyde showed 90.02% binding efficiency. It took two hours to bind maximally onto the support. The pH and temperature optima of the immobilized lipase were same as those of free enzyme i.e 9.5 and 55℃. Among different substrates both free and immobilized lipase showed maximum affinity towards p-nitrophenyl palmitate (p-NPP). The lipase activity was found to be stimulated in the presence of Mg 2+ in case of free enzyme while Zn 2+ and Fe
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Key words: cross-linking, ethyl ferulate, hydrolytic activity, immobilization, lipase, thermal stability substrate to interact with the enzyme easily 12 . Nowdays, the reason for the immense biotechnological potential of microbial lipases to be used in industry are due to their stability in organic solvents, independent of cofactors, broad substrate specificity and high enantio-selectivity to various substrate 13 . In the present study, lipase from Bacillus aerius was immobilized onto celite-545 matrix by using glutaraldehyde as a cross-linking agent. The hydrolytic properties were studied and subsequently compared with free enzyme; also, the stability and the activity of the immobilized lipase were investigated for further applications in synthesis of ester ethyl ferulate, a compound having direct anti-tumor activity against breast cancer and liver cancer 14 .
Materials and methods

Chemicals and reagents
and p-nitrophenyl palmitate p-NPP were purchased from Lancaster Synthesis, England; Tris buffer, ferulic acid, ethanol were from HIMEDIA Laboratory Ltd., Mumbai, India and bovine serum albumin was procured from Sisco Research Laboratory, Mumbai, India. All these chemicals were of analytic grade and GC grade and were used as received.
Determination of lipase activity
The activity of free and celite-immobilized lipase was measured by a colorimetric method 15 . One unit 1 U of lipase activity was defined as the amount of enzyme required to release one micromole of p-nitrophenol by soluble enzyme or 1 g of celite-bound enzyme weight of matrix included per minute at 55 under assay conditions. The specific activity was expressed as units per mg of protein. Protein concentration was determined using bovine serum albumin as a standard 16 . After incubation of matrix and enzyme the supernatant was decanted, its volume and protein were estimated. Binding efficiency was determined by subtracting unbound protein obtained in the supernatant from the total protein used for immobilization.
Immobilization of bacterial lipase on celite gel matrix
The lipase producing bacteria were isolated from the soil and water samples of a hot-spring named Tattapani, Kullu and sweet shops around Shimla. The thermophilic Bacillus aerius identified at IMTECH, Chandigarh was grown in the medium of following composition; yeast extract 2 g/L , peptone 5.0 g/L , sodium chloride 5.0 g/L , beef extract 1.5 g/L , ammonium chloride 1.0 g/L and cottonseed oil 10 ml/L emulsified with 0.5 Gum Acacia at pH 8.5. The seed culture 7.5 inoculum was transferred to 50 ml production medium 250 ml Erlenmeyer flask for 48 h under shaking conditions at 110 rpm at 55 .The culture broth was centrifuged at 10,000 rpm for 10 min at 4 . The lipase activity was assayed both in the supernatant as well as in pellet for determining extracellular and intracellular enzyme activity respectively. The enzyme produced by thermophilic Bacillus aerius was purified to 9-fold with 7.2 recovery by ammonium sulfate precipitation and DE-AE-Cellulose Column Chromatography. The enzyme was found to be a monomeric protein having a molecular weight of 33 kDa on SDS-PAGE. The purified lipase from Bacillus aerius was then immobilized on celite-545 matrix. The matrix was treated with 2 glutaraldehyde and incubated for 1 h at 37 . The matrix was then given five washings with Tris buffer 0.1 M, pH 9.5 to remove traces of glutaraldehyde. Thereafter, enzyme immobilized on celite-545 3 g was incubated with 10 ml of 0.1 M tris buffer pH 9.5 for 24 h at room temperature. Optimization of different assay conditions was done using immobilized enzyme.
Statistical Analysis
The standard deviation was calculated for the observed values n 3 .
Hydrolytic properties of immobilized lipase
Free and celite-bound lipase was evaluated to study the effect of buffer pH, temperature, specificity of the lipase towards p-nitrophenyl acyl esters, effect of salt-ions and inhibitors, effect of solvents, effect of detergents, organic solvents, reusability and thermo-stability.
2.5 Effect of reaction parameters on hydrolytic activity of lipase Tris buffer 0.1 M with different pH ranging from 7.0 to 11.0 at an interval of 0.5 was used to perform enzymatic reaction with both free and immobilized lipase. In order to study the effect of reaction temperature, enzyme was assayed in 0.1 M Tris HCl buffer at optimized pH at pre selected temperatures ranging from 40 to 70 at a interval of 10 . Substrate specificity of the lipase was investigated by using stock s of p-nitrophenyl fatty acid esters of varying chain length p-NPF, p-NPA, p-NPB, p-NPC, p-NPL and p-NPP prepared in iso-propanol 20 mM in the reaction cocktail and the lipase activity was assayed under standard assay conditions. 2.5. and Hg or inhibitors/reducing agents EDTA Ethylenediamine tetra acetic acid , PEG Polyethylene glycol, DTT Dithiothreitol and PMSF Phenyl methyl sulphonyl fluoride on the hydrolytic activity of both free and immobilized lipase 20 mg was evaluated by preincubating the enzyme with each of the selected salt-ions at 1 mM final concentration in the reaction. The lipase activity was assayed after 10 min of incubation at 55 . 2.5.2 Effect of organic solvents and detergents on activity of free and immobilized lipase The effect of various solvents acetone, hexane, heptane, cyclohexane, benzene, carbon tetrachloride, propanol, butanol, DMSO and pentane was studied on free and immobilized lipase 20 mg . Each of the selected solvents at 1 v/v concentration in 0.1 M Tris buffer pH 9.5 was pre-incubated with free as well as immobilized lipase for 30 min. Thereafter, the lipase activity was measured. Effect of various detergents SDS, Triton X-100, Tween 20 and Tween 80 was also studied by adding each of the detergent at a final concentration of 1 mM along with free as well as immobilized lipase in the reaction mixture 20 mg . The reaction cocktail was incubated at 55 for 10 min and the lipase activity was measured thereof.
Reusability of purified immobilized lipase
The immobilized lipase 20 mg was used repetitively up to 6 th cycle of hydrolysis at optimized temperature under shaking. After 1 st cycle of reaction, the biocatalyst was recovered by centrifugation and this biocatalyst was used to catalyze the fresh reaction. 2.5.4 Thermostability of free and immobilized lipase and its half-life To determine half-life of enzyme, the purified immobilized lipase 20 mg prepared in 1 ml of 0.1 M Tris buffer pH 9.5 taken in 2.0 ml eppendorf was incubated separately at 50 , 55 and 60 under shaking till 240 min in a water-bath. For determination of thermostability, the vials were periodically withdrawn from the water-bath and assayed for the lipase activity.
Esteri cation studies of immobilized enzyme
Esterification was carried out by reacting ethanol and ferulic acid in different ratios in the presence of lipase at different temperatures for different time periods in a chemical reactor. The effect s of relative molar concentration of reactants, incubation time and reaction temperature on the rate of synthesis of ethyl ferulate was evaluated. The progression of the reaction was monitored by measuring the reaction product. Since ethyl ferulate is soluble in hot water but reactants are insoluble so using this property the formed ester i.e. ethyl ferulate was separated using separating funnel. The ester was then dried, weighed and analysed using FTIR and NMR spectroscopy after each parameter.
Characterization of ethyl ferulate
Characterization of the ester was carried out by Fourier Transform Infrared Spectroscopy FTIR Nicollet 5700 . 1 3.2 Effect of reaction parameters on hydrolytic activity of free and immobilized lipase The pH influences the structure of proteins enzymes and hence governs their catalytic activity 22 . The activity of both purified free 1.7 U/ml and immobilized lipase 1.41 U/ mg increased with an increase in pH of the reaction buffer and the maximum activity was obtained at pH 9.5 Fig. 1 Fig . 1 Effect of pH on hydrolytic activity of free and immobilized lipase.
suggesting an alkaline nature of the enzyme. Further increase in pH beyond pH 9.5 resulted in decrease in its hydrolytic activity due to structural distortion. Incubation at 55 showed maximum activity for both free 1.52 and immobilized lipase 1.18 Fig. 2 . Previously, a temperature optimum of 45 or higher for lipase activity has been reported in many Bacillus species 23 . A lipase from Pseudomonas mendocina PK-12 CS expressed maximum activity at 37 and pH 8.0. It appeared that structure of lipase becomes more fluid and open at an elevated temperature 24 . Both free and immobilized lipases were highly hydrolytic towards relatively longer C-chain length esters than the shorter ones and thus showed maximum affinity towards p-NPP Fig. 3 . In contrast to this, another study revealed a lipase from psychrotrophic Pseudomonas cepacia immobilized on a commercially available silica support showed a higher activity with p-NPA and very low with p-NPP 25 .
3.3 Effect of salt-ions and inhibitors on hydrolytic activity of free and celite immobilized enzyme Salt ions normally acts as cofactors or in some cases act as competitive inhibitors also either they enhance or suppress the enzyme activity. Out of several metal ions tested, Zn 3.4 Effect of different organic solvents 1 ; v/v and detergents on hydrolytic activity of free and immobilized enzyme In the present study, all the organic solvents and detergents at a concentration of 1 v/v had an inhibitory effect on the free as well as immobilized lipase Fig. 6 and Fig. 7 . The strong inhibitory effects of Tween-80 and Tween-20 were probably due to their competitive binding to lipase in the presence of a chromogenic substrate p-NPP . Fig. 2 Effect of temperature on hydrolytic activity of free and immobilized enzyme. 
Reusability of puri ed immobilized lipase
The recovery and reusability of immobilized lipase is one of the important aspect that approves the catalytic proficiency of lipase for various esterification reactions. The celite-immobilized lipase retained more than 50 of its original activity up to 5 th cycle of repetitive reaction and thereafter its activity started declining as the enzyme was more diluted Fig. 8 . In the earlier similar study, the Nitro Cellulose bound commercial lipase Lipolase-T20 was repeatedly used as a biocatalyst to perform hydrolytic reactions and found to retain more than 50 of its original activity after 5 th repetitive cycle of hydrolysis 28 .
3.6 Thermostability and half life of free and celite immobilized lipase A comparative study of thermal stability was done by incubating both free and immobilized lipase at temperature 50 , 55 and 60 . A greater loss in the activity of free enzyme was observed as compared to immobilized enzyme. The celite-bound lipase was quite thermostable as it showed half-life of 238, 195, and 176.5 min compared to free lipase that showed half life of 180, 139.5, 131.5 min when incubated at 50 , 55 and 60 respectively Fig.   9 . In a similar study, thermal deactivation kinetics at three temperatures 37 , 50 and 75 revealed that the immobilization produce an appreciable stabilization of the lipase from Candida rugosa, changing its thermal deactivation profile 29 .
4 Ester synthesis by immobilized enzyme 4.1 Effect of relative molar concentration of reactants on the synthesis of ethyl ferulate The molar ratio of 1:3 was found to be optimum for the synthesis of ethyl ferulate which gave 2.36 moles/l of ethyl ferulate Fig. 10 . Kumar et al 2006 . found the molar ratio of 1:3 ethanol: propionic acid was optimum for the synthesis of ethyl propionate using lipase Bacillus coagulans BTS-3 in hexane 17 . In another study, the molar ratio of 1:1 was found optimum for the synthesis of isoamyl butyrate using Lipozyme TL IM 30 .
Effect of incubation time on synthesis of ethyl ferulate
Maximum yield of ethyl ferulate was obtained after incubation of 48 h and it was unaltered thereafter. At 48 h, approximately 2.37 moles/l of ethyl ferulate was produced Fig. 11 .Thus in the subsequent esterification reactions; a 4.3 Effect of reaction temperature on the synthesis of ethyl ferulate The maximum yield of ethyl ferulate i.e. 2.42 moles/l Fig. 12 was recorded at 55 temperature under the above reaction conditions. Earlier, A reaction temperature of 65 for immobilized Bacillus coagulans lipase was considered optimum for synthesis of 4-nitrophenyl acetate 17 . In a previous study, the optimal temperature for the synthesis of ethyl ferulate using celite-bound commercial lipase was found to be 45 31 .
4.4 Effect of amount of biocatalyst on synthesis of ethyl ferulate The maximum synthesis of ethyl ferulate i.e 2.51 moles/l was obtained with 1.5 of immobilized lipase Fig. 13 . It was earlier reported that 12.5 mg/ml immobilized lipase from Pseudomonas aeruginosa was used to get maximum yield of ester methyl acrylate 32 . Verma and Kanwar, 2008 also found 12.5 mg/ml immobilized lipase from Bacillus cereus optimum for the synthesis of geranyl acetate 27 .
FTIR Spectrum of synthesized ester ethyl ferulate
Ethyl ferulate was formed by reaction between ethanol and ferulic acid. Water and acid were also detected in the reaction mixture. FTIR spectrum of ethyl ferulate clearly showed a sharp peak at 1726 cm 1 which was due to -C O group of ester and when compared with the spectrum of ferulic acid this peak of ester was not present, clearly indicated that the lipase-esterification reaction had occurred. The other peaks at value 2965.8 cm 1 clearly confirm -C-H stretching which was due to ethyl group present in ethyl ferulate. A peak at value 1223.1 cm 1 is of -O-C-O-stretching which was due to ester group of ethyl ferulate Fig. 14 .
NMR Spectra of ethyl ferulate
The 1 H NMR spectrum of ethyl ferulate is shown in Fig.  15 . It has signals at value 2.5 ppm and 1.9 ppm which was due to ethyl group attached to ester O-C 2 H 5 which validated the esterification of ferulic acid and when the 1 H NMR spectrum of ferulic acid was compared with above said spectrum these characteristic signals were absent which confirmed the ester formation. The other signals at value 6.79 ppm and 6.99 ppm was due to phenylic protons which are same as in ferulic acid only the intensity of the peaks was changed. The spectra of the products formed at various steps were matched with the Chem Draw Ultra 10.
Conclusion
The present study has shown that Celite 545 is a suitable support for rapid, efficient, and stable binding of lipase from Bacillus aerius. Crosslinking of enzyme on matrix via glutaraldehyde resulted in enhanced thermostability of immobilized lipase over its native form. Immobilization on celite 545 surface also assisted in easy separation of enzyme and enabled it to diffuse freely for enzymatic reactions. This made its possible applications in several important esterification reactions such as formation of ethyl ferulate, a compound possessing anti-cancerous properties. 
